Abstract Remote Sensing has made substantial contribution in flood monitoring and damage assessment that leads the disaster management authorities to contribute significantly. In this paper, techniques for mapping flood extent and assessing flood damages have been developed which can be served as a guideline for Remote Sensing (RS) and Geographical Information System (GIS) operations to improve the efficiency of flood disaster monitoring and management.
Introduction
Floods are among the most devastating natural hazards in the world, widely distributed leading to significant economic and social damages than any other natural phenomenon (DMSG, 2001) . The flooding has been affecting the entire country incoherently since 1928 during the monsoon period between July and September and the country has experienced major floods during the years 1928 , 1929 , 1955 , 1973 , 1976 , 1980 , 1988 , 1992 (Solheim et al., 2001 Natalia Kussul et al., 2008) . Since 1947 Since -2008 , floods in the Indus River Basin in Pakistan have claimed more than 7,000 lives; inundated zone was 7.7 million acres round and caused massive infrastructure and crop losses (Muhammad Shahzad Sardar et al., 2008) . The flood in 2010 began in late July inundated Pakistan with approximately 60,000 km 2 , affected 15-20 million people along with the death toll close to 2000 (Mateeul-Haq et al., 2010; Wikipedia, 2010) . In the recent year large-scale heavy
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Study area and climate
The study area is located in southern part of the country stretching about 579 km from north to south and 442 km from east to west with an area of 140915 km 2 (See Fig. 1 ). The annual rainfall of Sindh averages about 6-7 inches (15-18 cm) falling mainly during July and August. The study area lies between two monsoon--the southern monsoon from the Indian Ocean and the northeast or retreating monsoon, deflected towards it by the Himalayan mountains. The region's scarcity of water is compensated by the inundation of the Indus twice a year, caused by the spring and summer melting of Himalayan snow and by rainfall in the monsoon season (Wikipedia, 2012) .
Data and softwares used
Topographic maps had been used to extract different types of info-layers: administrative boundaries, rivers, lakes, roads, railway tracks, vegetated areas and other land use/ land cover categories. Moderate Resolution Imaging Spectro-radiometer (MODIS) onboard TERRA and AQUA images of 250 m resolution comprising bands 7, 2 and 1 were acquired and used as the principal input to map the flood affected areas. The MODIS images of the study area are provided by NASA free of charge at the location: http://lance-modis.eosdis.nasa. gov/imagery/subsets/?project=other&subset=Pakistan District wise population density was used to estimate the affected people and the data are provided by Federal Bureau of Statistics, Pakistan (Statistical Bulletin, 2011) . The Spot 5 images had been mosaicked and used for the verification of flood. ENVI 4.5 and ArcGIS 9.3 softwares were used for processing and analysis.
Methodology
MODIS images were acquired from the NASA's website: http://lance-modis.eosdis.nasa.gov/imagery/subsets/?project= other&subset=Pakistan and a standard supervised maximum likelihood classification of the images covering Sindh province was carried out and the required inundated class was converted into a shape file. Further editing of the images was carried out by visual interpretation (stagnant water has dark blue reflectance and flowing water has light blue color) of the inundated areas using expert knowledge. The topographic maps were then intersected with accumulated shape file of the inundated area to extract different types of info-layers for damage assessment. Flow chart of the methodology adopted in this study is shown in Fig. 2 . Figure 1 The location of study area.
Results and discussion
During floods, timely and detailed situation reports are required by the disaster management authorities to locate and identify the affected areas and to implement the corresponding damage mitigation; this is the most delicate management category since it involves rescue operations and the safety of people and property (Jeyaseelan, 2004 The flood was originated mostly because of rainfall and observed the highest ever recorded monsoon rain in Sindh started from Aug 11, 2011 to Sept 14, 2011. So the inundated area increased respectively with rainfall and ceased on Sept 15, 2011 effectively with the stop of rainfall. After Sept 15, 2011 the inundated area was reduced with the rate of 167 km 2 /day in average as the following graph shows the recession. Table 1 shows the rainfall (in mm) data (See Fig. 5 ).
Damage assessment
The total cumulative flood extent was found to be 21,201 km District  11  12  30  31  1  2  4  7  8  9  13  14  Total   Badin  148  147  22  7  15  24  19  73  20  11  60  0  546  Umerkoat  129  7  19  57  6  5  11  55  84  8  56  0  437  Hyderabad  104  23  4  15  2  27  0  2  12  12  153  0  354  Jacobabad  0  0  0  4 Receding Inundated Area Figure 5 Graph showing the recession of the inundated area from Sept 15, 2011.
road network, 382.05 km of railway tracks, 498.47 km 2 of forests and 16440.48 km 2 of agricultural land. Table 2 shows the damage assessment.
Conclusion
Flood monitoring using satellite data proved to be an effective method to get quick and precise overview of flooded areas. In the study, timely and detailed analysis had been carried out using RS & GIS for locating and identifying flood affected areas along with land use/land cover features. It was found that this method required processed satellite images which were then overlaid with population density data and land use/land cover maps for damage estimation. The process just required a few hours. The methodology used in this study has the capability to carry out rapid damage assessment.
